Introduction
Colonic diverticulosis is characterized by the presence of pockets that occur when colonic mucosa and submucosa herniate through defects in the muscle layer of the colon wall. 1 Diverticulosis is commonly found in the western world. Although it has been thought that diverticulosis is a rare condition in developing nations, there is some indication that the prevalence of colonic diverticulosis is increasing throughout the world, probably because of changes in lifestyle. 2 Although most people with diverticulosis remain asymptomatic, about one quarter of them will develop an episode of symptomatic diverticular disease and up to 5% an episode of acute diverticulitis. 3 Acute diverticulitis, defined as an acute inflammation of the colonic diverticula, 1 shows an increasing prevalence. 4 Although we currently have much more information about the etiology, disease course, and treatments available to diagnose and manage acute diverticulitis, the treatment options are not well defined because of a lack of evidence. In particular, there are few systematic reviews and well conducted trials to help decision-making in the diagnosis and treatment of diverticulitis, especially on an outpatient basis. This review describes the current management of acute colonic diverticulitis, with a focus on the safety and effectiveness of outpatient treatment of the disease.
Current treatment for an acute episode of diverticulitis
Specifics around the diagnosis and treatment of acute diverticulitis are based on single papers in most cases; few high-quality randomized trials, systematic reviews, 
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Tursi or meta-analyses have been published. Despite the lack of evidence from high quality studies, there is some evidence to support approaches to treatment.
Currently, the "blind-pouch", which implicates fecal stasis and bacterial overgrowth, is the most accepted theory explaining the occurrence of diverticular inflammation. 5, 6 Hence, the first stage of treatment for mild symptoms may involve a high-fiber diet, along with antibiotic therapy. 1, 7, 8 Meperidine is the preferred option for control of severe abdominal pain, given that morphine causes colonic spasm and may accentuate colonic hypersegmentation with a higher risk of colonic perforation. 1, 6, 9 In the vast majority of cases, inflammation in diverticulitis is mild. Patients with uncomplicated diverticulitis are generally treated with a clear liquid diet and antibiotics on an outpatient basis. 9 A recent retrospective study evaluated how many patients at first episode of acute diverticulitis could be managed as outpatients. 10 The diagnosis of acute diverticulitis was confirmed by computed tomography (CT), and endpoints included length of stay, need for surgery, percutaneous drainage, and mortality. Patients were considered to have had a minimal hospitalization, defined as survival to discharge without needing a procedure, hospitalization of #3 days, and no readmission for diverticulitis within 30 days after discharge. In a cohort of 639 patients, 368 (57.6%) had minimal hospitalization. Female sex and CT scan findings of free air/fluid were negatively associated with the likelihood of minimal hospitalization. The presence of an abscess ,3 cm and stranding on CT did not predict the need for a higher level of care. Unfortunately, the authors failed to identify patients likely to need only minimal hospitalization, and only free air/ liquid in a patient admitted for acute diverticulitis indicates a more severe clinical course. 10 
Outpatient treatment of diverticulitis
The majority of uncomplicated diverticulitis can be safely managed on an outpatient basis. For example, in a retrospective analysis, Etzioni et al found that outpatient treatment was effective for the vast majority (94%) of patients suffering from acute diverticulitis. 11 Other than a clear liquid diet, broadspectrum antibiotics are usually given for 7-10 days. Various antibiotics may be used in the treatment of acute diverticulitis in order to ensure complete coverage against Gram-positive, Gram-negative, and aerobic-anaerobic bacterial strains. 1, 6, 8 The combination of ciprofloxacin and metronidazole is commonly used for uncomplicated diverticulitis, 1, 6, 8 both intravenously and orally, but sometimes these antibiotics may be poorly tolerated by some patients because of their high systemic absorption. Therefore, the American Society of Colon and Rectal Surgeons recommends ampicillin-sulbactam as a good choice in uncomplicated diverticulitis. 12 As stated, few high-quality randomized trials have been published in this field (see Table 1 ). One of them, published in 2010, compared the efficacy of short-term therapy (4 days) versus standard therapy (7 days) for uncomplicated sigmoid diverticulitis using ertapenem 1 g daily. Both patient groups were monitored until discharge and then followed up after 4-6 weeks and 52 months. No significant differences were found between the two groups in terms of the basic data, apart from the mean number of diverticulitis episodes (short-term 1.28±0.64 versus standard 1.64±1.07, P=0.037). The mean hospital stay was 8.8 days, and was significantly lower in the short-term group than in the standard therapy group (7.8±2.8 days versus 9.7±3.2 days; P=0.002). After 4 days, treatment was successful in 98.0% of cases and after 7 days in 98.2% of cases. An overall success rate of 95.1% (94.0% versus 96.2%, not statistically significant) was recorded after 1 month. 13 Another recent prospective study compared the efficacy, safety, and costs of hospital treatment with intravenous antibiotics and outpatient treatment with oral antibiotics. Of 76 patients included in the study, 44 underwent intravenous treatment with metronidazole 500 mg three times daily plus ciprofloxacin 400 mg twice daily (hospital treatment group) and 32 took oral metronidazole 500 mg three times daily 
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Outpatient treatment for diverticulitis and ciprofloxacin 500 mg twice daily (outpatient group). Outpatient treatment was viable in almost 95% of those patients suffering from uncomplicated acute diverticulitis, since only two patients (6%) required hospital admission after outpatient treatment. Rates of complications and relapse were similar between patients admitted to hospital and treated with intravenous antibiotics and those treated as outpatients with oral antibiotics (P=0.86). Finally, the outpatient approach was able to save approximately €1,600 per patient (P,0.05).
14 A recent retrospective trial assessed whether outpatient treatment of acute uncomplicated diverticulitis is feasible and safe, and which patients could benefit from outpatient care. Exclusion criteria were recurrent diverticulitis, complicated diverticulitis (Hinchey stages 2-4), and right-sided diverticulitis. Inpatient care was compared with outpatient care. The primary outcomes were admission for outpatient care and the complication rate in both groups. Multivariate analysis was carried out to identify potential factors for inpatient care. Of 627 patients with diverticulitis, 312 consecutive patients were identified with primary uncomplicated sigmoid diverticulitis; 194 patients were treated as inpatients and 118 primarily as outpatients. In the outpatient group, 91.5% were treated successfully without diverticulitis-related complications or need for hospital admission during a mean follow-up period of 48 months. Despite the patient selection inherent in a retrospective cohort, this study confirms that ambulatory treatment of patients presenting with uncomplicated acute diverticulitis seems feasible and safe, especially in mildly ill and younger patients, thereby avoiding hospital admission. 15 There are no clear recommendations regarding whether diverticulitis found on colonoscopy should be always treated. A first diagnosis of diverticulitis by colonoscopy is not a rare occurrence. 5 A reasonable approach is to treat the patient if there are any relevant symptoms or elevated inflammatory markers. If the patient is completely asymptomatic, as sometimes occurs when undergoing a screening colonoscopy for cancer, a reasonable approach could be a short course of treatment followed by strict clinical surveillance.
Quality of life and economic costs of current outpatient treatment for acute diverticulitis
A very recent trial compared inpatient (group 1) versus outpatient (group 2) management of uncomplicated left colonic diverticulitis and analyzed differences in quality of life and economic costs. The first dose of antibiotic was given intravenously to all patients in the emergency department; group 1 patients were hospitalized whereas group 2 patients were discharged. The primary endpoint was the failure rate of the outpatient treatment protocol and need for hospital admission. Secondary endpoints included a quality of life assessment and evaluation of costs. Of 132 patients randomized, four in group 1 and three in group 2 had treatment failure; this difference was not statistically significant (P=0.619). The overall health care cost per episode was three times lower in group 2, with savings of €1,124.70 per patient. No difference was observed between the groups in terms of quality of life. 16 A recent retrospective cohort study compared the impact of outpatient treatment on reduction of health care costs. A total of 136 patients were included, with 90 in the outpatient treatment group (ie, a liquid diet for the first 2 days and oral amoxicillin-clavulanate 1 g three times daily or associated ciprofloxacin 500 mg two times daily and metronidazole 500 mg three times daily in patients allergic to penicillin for 7 days, combined with oral paracetamol 1 g three times/daily) and 46 in the hospital treatment group (intravenous cefotaxime 1 g four times daily and metronidazole 500 mg every 8 hours, or intravenous amoxicillinclavulanate 1 g three times daily for 7 days). Cost estimates were done using the hospital cost accounting system based on total costs, the sum of all variable costs (direct costs) plus overhead expenses divided by activity (indirect costs). There were no differences in the characteristics of the patients in the two treatment groups. There was also no difference in the treatment failure rate between the groups (5.5% versus 4.3%; P=0.7). The mean total cost per episode was significantly lower in the outpatient treatment group (€882±€462 versus €2,376±€830; P=0.0001).
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Are antibiotics always mandatory in uncomplicated diverticulitis?
These trials confirm that outpatient treatment is safe and effective in selected patients with uncomplicated acute diverticulitis. Outpatient treatment allows important costs saving to health systems without a negative influence on quality of life in patients with uncomplicated diverticulitis, and reduces health care costs by more than 60%. Unfortunately, the efficacy of antibiotic use in acute diverticulitis, uncomplicated disease included, is not "evidence-based". Two recent randomized studies found that antibiotic treatment was not superior to simple support therapy in terms of obtaining clinical resolution and preventing recurrence of diverticulitis. 
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Tursi A recent retrospective case-control study was performed in 272 patients with mild colonic diverticulitis admitted to two hospitals with distinctly different treatment regimens concerning antibiotic use. In total, 191 patients were treated without antibiotics and 81 with antibiotics. The two groups were comparable at baseline with respect to age, sex, comorbidity, use of nonsteroidal anti-inflammatory drugs, steroids and aspirin, C-reactive protein levels, and white cell count. In the antibiotic group, there were significantly more patients with a temperature of 38.5°C or higher on admission (8% versus 19%; P=0.014). The treatment failure rate did not differ between the groups (4% versus 6%; P=0.350). The risk of recurrence was higher in the antibiotic group on logistic regression analysis but did not reach statistical significance (odds ratio 2.04; 95% confidence interval 0.88-4.75; P=0.880). The only factor that increased the risk of recurrence was nonsteroidal anti-inflammatory drug use (odds ratio 7.25; 95% confidence interval 1.22-46.88; P=0.037).
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A multicenter, randomized trial conducted in Sweden and Iceland recruited 623 patients with CT-confirmed acute uncomplicated left-sided diverticulitis. These patients were randomized to treatment with or without antibiotics (314 versus 309 patients, respectively). Age, sex, body mass index, comorbidities, body temperature, white cell count, and C-reactive protein level on admission were similar in the two groups. Complications, such as perforation or abscess formation, were found in six patients (1.9%) who did not receive antibiotics and in three patients (1.0%) who received antibiotics (P=0.302). The median hospital stay was 3 days in both groups. The rate of recurrent diverticulitis requiring hospital readmission at one-year follow-up was similar in the two groups (16%, P=0.881). 19 These trials show that antibiotic treatment for acute uncomplicated diverticulitis neither accelerates recovery nor prevents complications or recurrence, and that antibiotics should be reserved for treatment of complicated diverticulitis. Why this occurs is unclear, and the use of antibiotics in treating both symptomatic uncomplicated diverticular disease and acute diverticulitis is becoming questionable. Some interesting trials are currently ongoing in order to answer these questions.
20,21
When outpatient treatment of uncomplicated diverticulitis fails
Outpatient treatment is effective in most cases, with less than 10% of patients require readmission to the emergency room for diverticulitis within 60 days of initial evaluation. 1, 6 However, if the patient is unable to take oral therapy, is affected by severe comorbidity, or fails to improve with outpatient therapy, 1, 6 the current guidelines usually recommend that the patient be treated in hospital with intravenous antibiotics. 15, 16 Clinical improvement in patients affected by acute diverticulitis is generally observed within 3-4 days. If patients are admitted to hospital, a 7-10-day course of oral antibiotics is usually given following discharge. 1, 6, 9, 22 
Unconventional treatments for uncomplicated diverticulitis
A recent, retrospective, open-label trial established the role of Japanese herbal (Kampo) medicine, (daiobotanpito or Da Huang Mu Dan Tang in Chinese) in the treatment of acute diverticulitis. 23 Daiobotanpito has been used in traditional Kampo medicine for the treatment of abscesses of the intestine, such as diverticulitis or complications of appendicitis. 24 In this study, patients received intravenous antibiotics with (group 1) or without (group 2) daiobotanpito. Supplementation with daiobotanpito was significantly better in reducing duration of fever (P,0.05), abdominal pain (P,0.05), and antibiotic administration (P,0.05). A trend toward a shorter hospital stay (P=0.061) and shorter fasting (P=0.055) was found, but this did not reach statistical significance. Although limited by its open-label and retrospective design, this study opens up an interesting debate on the use of traditional herbal medicine as support to standard medical treatment.
Current management of diverticulitis following an acute episode
Looking at the larger, longer-term studies, we know that the long-term recurrence rate of diverticulitis is up to 20%, [17] [18] [19] even if a more recent, colonoscopy-based study hypothesized a lower rate of disease occurrence. 3 Despite these data, there is little evidence to define the optimal approach to management of diverticulitis following an acute episode in order to prevent recurrence.
High-fiber diet
Once the acute episode has resolved, patients are generally advised to maintain a high-fiber diet in order to optimize their bowel movements. 22 However, the current literature investigating the role of dietary modification in preventing recurrence of diverticulitis shows conflicting results, [25] [26] [27] and there is not consistent support for recommending a high-fiber diet. However, a high-fiber diet is still commonly recommended to reduce the likelihood of recurrence of diverticulitis despite 
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Outpatient treatment for diverticulitis this lack of evidence. 9 Another interesting point relates to the classical advice to avoid consuming seeds, popcorn, and nuts, which is based on the assumption that such substances could theoretically enter, block, or irritate a diverticulum, resulting in diverticulitis and increased risk of perforation. There is, however, no evidence to date to support this practice. 28 
Antibiotics
Given the potential involvement of microbial imbalance in the pathogenesis of diverticular disease, 1 one option to prevent recurrence of diverticulitis may be to use a single broad-spectrum antibiotic covering both Gram-negative and anaerobic bacteria. Rifaximin, a poorly absorbed broad-spectrum oral antibiotic, has been shown to be effective against Gram-positive and Gram-negative aerobic and anaerobic bacteria. 1 A recent open-label pilot study found that cyclic administration of rifaximin (800 mg/day for 10 days every month) can effectively improve symptoms and maintain periods of remission following diverticulitis. 29 However, the results of two recent systematic reviews in assessing the role of rifaximin in preventing recurrence of diverticulitis are negative. 30, 31 The reason why these conflicting results occur is not clear. Varying study quality regarding this specific outcome may be a possible explanation. However, it is likely that the ineffectiveness of rifaximin in preventing recurrence of diverticulitis may be caused by the short-lasting effect of the reduction of fecal bacterial counts during oral treatment with rifaximin. In fact, we know that the colonic bacterial population recovers within 1-2 weeks after the end of treatment. 32 Thus, a 10-day oral regimen with rifaximin (as assessed in the study by Lanas et al 29 ) may control the colonic bacterial population for only 15-20 days. A high colonic bacterial concentration persists therefore for the last 10 days of the month, with a high risk of recurrence of diverticulitis.
Surgery
Surgery is considered a therapeutic option after attacks of diverticulitis. Current guidelines 8, 33 advise elective resection after two well documented attacks of diverticulitis, depending on the severity of the attack and age and medical fitness of the patient. However, recent data indicate that one quarter of patients experience persistent abdominal symptoms following elective surgery for diverticulitis. 34 Neither the stage of disease (complicated or uncomplicated) nor the surgical technique (laparotomy or laparoscopy) were significantly related to the occurrence of symptoms. 34 Nowadays, more recent studies 35, 36 have shown that the natural history of acute diverticulitis is much more benign than thought in the past, and current guidelines no longer support prophylactic surgery for acute diverticulitis, but state that the decision for elective resection in patients with previous acute episodes should be made on a "case-by-case" basis. A more individualized approach taking into account the frequency and severity of attacks and their impact on quality of life should therefore guide the indication for surgery. 32 
5-aminosalicylic acid
5-Aminosalicylic acid (or mesalamine) is the primary therapy used for induction and maintenance of remission for mild to moderate severe inflammatory bowel disease, in particular ulcerative colitis. As a result of its anti-inflammatory and immunomodulatory properties, a number of studies have recently investigated the influence of mesalamine on the signs and symptoms of diverticular disease. Two recent, randomized, double-blind, placebo-controlled studies found that mesalamine, alone or in combination with probiotics, was effective in controlling abdominal symptoms (mainly pain) and that at a dosage of 3 g/day it was significantly better than placebo in preventing diverticulitis. 37, 38 The use of mesalamine in preventing recurrence of diverticulitis, however, may be more interesting. Seven double-blind, placebo-controlled studies assessing the role of mesalamine in preventing recurrence of diverticulitis have recently been reported. [39] [40] [41] [42] [43] [44] Unfortunately, most did not find mesalamine to be better than placebo in preventing recurrence of diverticulitis. However, the DIV/04 (Evaluation of Efficacy of Mesalamine in the Long-term Prevention of Diverticulitis Flares) trial found a decrease in the relative risk of recurrence after 24 months in a mesalamine group compared with a placebo group (11% versus 28%, respectively; P=0.48, 95% confidence interval 0.20-1.15). 40 On the other hand, mesalamine was found to be significantly better than placebo in reducing abdominal symptoms following acute diverticulitis (Asacol Acute Diverticulitis trial, P=0.045; 36 DIV/04 trial, P=0.021 40 ). Only one trial conducted in Romania found that mesalamine (514.7±30.5 mg/day) was better than placebo with regard to several endpoints over a 40-month period, ie, reduction of risk of diverticulitis (P=0.044), number of diverticulitis flares (P=0.001), and need for surgery (P=0.02). The relative risk of developing diverticulitis was 2.47 times higher (95% confidence interval 1.38-4.43) in the placebo group than in the mesalamine group. 44 Although these results seem disappointing, a caution in commenting on these data 
34
Tursi is still needed because a lot of bias affected most of these trials (heterogeneity in the population enrolled, different types of mesalamine discharged through the colon, heterogeneity in endpoints assessed). These important points need to be addressed by future studies.
Probiotics
By definition, probiotics are living microorganisms that can alter the host microflora and exert specific health benefits without increasing the risk of antibiotic resistance. 45 In recent years, some open-label studies have evaluated the role of probiotics in the treatment of diverticulitis-related complications or in preventing recurrence of diverticulitis. More than 20 years ago, using Lactobacillus sp. following rifaximin in 79 patients with colonic stenosis post-diverticulitis, Giaccari et al found that the vast majority remained symptom-free for a period of one year. 46 No repeated episodes of diverticulitis occurred during the follow-up period, and stenoses improved or remained stable in half of their patients. 46 Although this observational study lacked a placebo arm, it is significant because it is the first study suggesting the role of probiotics in preventing occurrence/recurrence of the inflammatory complications of diverticular disease.
A more recent study investigated the combination of balsalazide, a 5-aminosalicylic acid prodrug, with the high-potency, probiotic mixture VSL#3 ® (composed of eight different bacterial strains, ie, 47 Finally, an interesting approach in preventing diverticulitis may be the use of bacterial lysate. The intestine is well known to be the largest human lymphoepithelial organ, and on a daily basis produces more antibodies, mainly secretory immunoglobulin A, than do all other lymphoid tissues. Ten years ago, Dughera et al assessed the efficacy of an oral highly-purified, polymicrobial lysate immunostimulant (containing 80 × 10 9 Escherichia coli strains 01, 02, 055, and 0111, and 1 × 10 9 Proteus vulgaris) in the prevention of recurrent attacks of diverticulitis and in improvement of symptoms. Eighty-three consecutive patients suffering from recurrent symptomatic acute diverticulitis and with at least two attacks in the previous year were randomly assigned to receive an oral polybacterial lysate suspension (5 mL twice daily for 2 weeks every month, group A) or to a no-treatment clinical follow-up as controls group B for a 
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Outpatient treatment for diverticulitis 3-month follow-up period. Statistically significant differences in the sums of the scores between group A and group B were recorded after 1 month (P,0.05) and 3 months (P,0.01) of treatment with the oral polybacterial lysate suspension. 48 The use of probiotics in preventing recurrence of diverticulitis is therefore intriguing. However, current data are too preliminary to draw any conclusions.
Nutritional treatment
A recent double-blind, randomized, placebo-controlled study assessed the role of butyrate in preventing recurrence of diverticulitis. 49 Butyrate is a short-chain fatty acid previously shown to provide symptomatic relief in patients suffering from various colonic diseases, ranging from diarrhea to inflammatory bowel disease, and suggestive of a preventive role in carcinogenesis of colonocytes. [50] [51] [52] Seventy-three patients with at least one episode of diverticulitis not earlier than 1 year before the study were randomized to treatment with microencapsulated sodium butyrate 400 mg daily or placebo. After 12 months, clinical symptoms of diverticulitis occurred in two (6.67%) and seven (31.8%) patients in the active and placebo groups, respectively (P=0.0425). 49 Although limited by bias, this study supports the hypothesis that a therapy able to influence colonocyte metabolism, reinforcing the colonic mucosal barrier leading to decreased inflammation of the mucosa and increasing the cell regeneration rate with healing of the mucosa is another interesting option in preventing relapses of diverticulitis.
Conclusion
The medical treatment of uncomplicated diverticulitis is changing (see Figure 1) . Although antibiotics seem to remain the mainstay of treatment in the acute phase, treatment on an outpatient basis is now considered to be the optimal therapeutic approach in the vast majority of these patients. This is because outpatient treatment seems to be safe and effective, allowing important cost-savings to health care systems. Further well designed and controlled studies are needed in order to assess whether antibiotics are mandatory or not in the outpatient management of uncomplicated diverticulitis.
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